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OUTLINE

* “Light” Dark Matter (LDM)
 Context for Experimental Opportunities

e Beam dump dark matter experiment (BDX)




BRIGHT AND DARK MATTER

We are not alone...

/ New type(s) of particle

DARK
73% o, DARK
ENERGY 23% MATTER

’ Well-understood theory of
\ particles, with interactions
dictated by QM & Relativity

There 1s more to the Universe than the Standard
Model matter

But where do we look?
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HUNTING DARK MATTER

Is it simple, or complex?

DARK e
73% -
ENERGY 23% oK

Is it just like us?
Or something really new?

= Where did it come from?
What else can it teach us?

All evidence for dark matter is from gravitational effects —
we know very little about other interactions
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HUNTING DARK MATTER
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Thermal origin of dark matter suggests interactions with
Standard Model matter
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DIRECT DETECTION PROGRAM
Dark matter searches target the “weak-scale” paradigm
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TOWARDS LIGHT DM

Direct detection results will test the possibility that dark
matter interacts via weak-interaction mediators

Null results from LHC and direct detection challenging
“standard” BSM paradigm for weak-scale physics
...maybe WIMP picture is too narrow...

General shift in thinking -- explore more broadly!
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EXPLORE MORE BROADLY
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EXPLORE MORE BROADLY
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LIGHT DARK MATTER

Relatively unexplored frontier!

Makes more sense in the context of hidden
(or dark) sectors
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HIDDEN SECTOR DM

New matter & forces?

73% ENERGY 23%DARK. dark forces could be like strong
(confined), weak (higgsed), or EM
(long-range)

EM weak strong

Dark matter could be part part of a hidden (or dark) sector:

DM may carry gauge interactions with itself, but not be
charged under Standard Model
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HIDDEN SECTOR DM

New matter & forces?

DARK DARK

73% eNerGY 2304 ARK dark forces could be like strong
(confined), weak (higgsed), or EM
(long-range)

EM weak strong

Simple example scenario:
Lp = ¥py" (9, —igpA;,)¥p

dark matter fermion (or scalar) charged under a U(1)’
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HIDDEN SECTOR DM

New matter & forces?

U

73% eNerGY 2304 ARK dark forces could be like strong
(confined), weak (higgsed), or EM
(long-range)

EM weak strong

But how can such dark sector dark matter interact with
Standard Model?

11
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DARK SECTORS & THE ‘“PORTALS”

Small number of interactions allowed by Standard
Model symmetries with dimensionless couplings

this means they can be sizeable irrespective of
“where” they come from

Vector Portal —GY F = F i kinetic mixing?
nggS Portal €Eh |h | g ‘¢ | : exotic rare Higgs decays?

Neutrino Portal €, (hL) w not-so-sterile neutrinos?

12
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HIDDEN SECTOR DM

Loop-level suppressed link between dark
sector and Standard Model:

\IJDM €+
A’ Y
+ other modes
5 =
Vs €
OéDCVGQ
OV r~

13
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LDM INTRO SUMMARY

LDM with thermal origin makes good sense in
the context of dark sectors
(weak coupling to SM with GeV-scale mass)

natural extension of the SM with sharply defined

range of accessible phenomenology
loften motivated by discrepancies: g-2, cosmic rays...etc]

But what can be done to learn about LDM?
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OUTLINE

o ”Light” Dark Matter (LDM)

* Context for Experimental Opportunities

e Beam dump dark matter experiment (BDX)
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LDM COSMOLOGY

Angular scale
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late time annihilation of dark matter into charged
particles increases ionization of IGM near
recombination: suppression of high-1 CMB modes

16
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LDM COSMOLOGY

residual late-time annihilation important to consider for
low mass dark matter

For O(1) annihilation to charged particles:

mpm i

ov S (10 e V) <105 Cem s
e

lusing Planck, ACT, SPT; see

1301.0819 for discussion]

17
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LDM COSMOLOGY

residual late-time annihilation important to consider for
low mass dark matter

For O(1) annihilation to charged particles:

mpm i

ov S (10 e V) <105 Cem s
e

lusing Planck, ACT, SPT; see

1301.0819 for discussion]

[s light dark matter ruled out?

17
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LDM COSMOLOGY

residual late-time annihilation important to consider for
low mass dark matter

For O(1) annihilation to charged particles:

mpm i

ov S (10 e V) <105 Cem s
e

lusing Planck, ACT, SPT; see

1301.0819 for discussion]

[s light dark matter ruled out? No!

17
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LDM COSMOLOGY

CMB constrains annihilation at recombination, long
after LDM freezes out (for GeV-scale masses)

[f DM is a scalar annihilating to SM particles:

\IJDM 6_|_

A’ 3
+ other modes

Vs €

Annihilation is p-wave suppressed:

2 For MeY—GeV .scale masses, perfectly
compatible with CMB

18
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LDM COSMOLOGY

LDM can come in Majorana fermion pairs
(i.e. “inelastic” DM)

Xh small Annihilation Xh A’
mass
X1 L ke channel:
X1

X1 X1 annihilation channels are one-loop or three-body
suppressed

X h is depleted by scattering before recombination,
hence negligible late time annihilation

CMB is fine

19

Wednesday, 11 June, 14



LDM DIRECT DETECTION
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LDM DIRECT DETECTION

Exposure limited prospects

Cross section Sensitivity and Event Rate (per kg-year)
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Valuable to push sensitivity down!
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BROAD EXPERIMENTAL EFFORT
NEEDED

Pushing direct detection sensitivity is important

LDM with nonzero mass splittings (i.e. iDM) has highly
suppressed direct detection rates

Important to have other robust techniques to produce
and search for LDM and associated light mediators

Explore broadly!

22
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An Array of Exploratlon Opportumtles'
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Direct Light Mediator Search (~2016 Prospects)
A' - Standard Model

Qualitatively new
and important
territory will be
explored in near
future!

See: Snowmass 2013
http://www.snowmass2013.org/

Orsay

u70

I e e
1073 1072 107! 1

na (GGV)

24
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http://www.snowmass2013.org

A’ INVISIBLE DECAYS

A'— x x decay constrained by BaBar search

SN
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A’ INVISIBLE DECAYS

Hidden Photon (invisible and visible)
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OUTLINE

o ”Light” Dark Matter (LDM)

 Context for Experimental Opportunities

* Beam dump dark matter experiment (BDX)
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DM PRODUCTION...
AND DETECTION

o Dirt .
X

Beam Dump Detector
0906.5614, °
P 7,9
1107.4580,1205.3499 —_ e ’
Batell DeNiverville, > V+a y. ¢ x
McKeen, Pospelov, Ritz D v+ X X

A,

Izaguirre, Krnjaic, S
& Toro
PRD.88.114015 and
1403.6826

T ——

nuclear dissociation;
nucleon, nucleus, or
electron recoil

28
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ELECTRON BEAM
PRODUCTION

mas > 2m, —> on-shell A-strahlung

mar < 2m, —> ofl-shell radiative

29
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ELECTRON BEAM DUMPS IN
ACTION

E137 @ SLAC (1982)
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Plots from Ze’ev Surujon’s talk @ FNAL,
work to appear w/ Batell & Essig
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ELECTRON BEAM
OPPORTUNITY

For beam-related background
rejection at 12 GeV:

<]lm
¢—— 10 m ——>¢— 10 m —]

X

Beam Dump Detector

Low beam bkg. & forward A’ production = small detector
suffices!

31
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THE BDX EXPERIMENT

Letter of Intent to PAC 42

Via
June 3, 2014

Dark matter search in a Beam-Dump 0
eXperiment (BDX) at Jefferson Lab 80 per SOOI eff()r t tO

T launch a beam dump dark
M. Bau.aglicri‘f, Al chm?i, A Cclcnta.nof,.R. De Vimf, E. F'&nchi.ni,.S. Fegan, P. Musico, 2
i e & o oo, ek G matter experiment at
¢ Dipartimento di Fisica dell’Universita, 16146 Genova, Italy
. R | R | J
e R SR BB i Jetterson Laboratory

M. Dalton, A. Freyberger, F.-X. Girod, V. Kubarovsky, E. Smithf, S. Stepanyant, M. Ungaro
Jefferson Lab, Newport News, VA 23606, USA

G. De Cataldo, R. De Leo, D. Di Bari, L. Lagamba, E. Nappi, R. Perrino
Istitwto Nazionale di Fisica Nucleare, Sezione di Bani e Dipartimento di Fisica dell’"Universita, Bari, Italy

[ )
M. Carpinelli, V. Sipala I OI d b
Universita & Sassan e Istitwto Nazionale di Fisica Nucleare, 07100 Sassari, Italy un er re \/ leW y
S. Aiello, V. Bellini, M. De Napoli, A. Giusa, F. Mammoliti, E. Leonora, F. Noto, N. Randazzo,

G. Russo, M. Sperduto, C. Sutera, C. Ventura I ab P A‘ 42
Istitwto Nazionale di Fisica Nucleare, Sezione di Catania, Catania, Italy

L. Barion, G. Ciullo, M. Contalbrigo, P. Lenisa, A. Movsisyan, F. Spzzo, M. Turisini
Istituto Nazionale di Fisica Nucleare, Seziome di Fe;:::a e Dipartimento di Fisica dell’Universita, Ferrara, WO rk under Way for full
F. De Persio, E. Cisbani, C. Fanelli, F. Garibaldi, F. Meddi, G. M. Urciuoli
Istitsto Nazionale di Fisica Nucleare, Sezi;:; ::L iza;::b: Gruppo Collegato Sanita, e Universita La prop 0OS al an d teSt run
S. Anefalos Pereira, E. De Sanctis, D. Hasch, V. Lucherini, M. Mirazita, R. Montgomery,

2t hase
Istitwto Nazionale di Fisica Nucleare, Laboratori Nazionak di Frascati, P.0O. 18, 00044 Frascati, Italy p

G. Simi
Istitwto Nazionale di Fisica Nucleare, Sezione di Padova, Padova, Italy

*Contact Person, email: Marco. Battaglierifige infn.it
'Spokessperson
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SIMPLE AND EFFECTIVE CONCEPT

Plastic scintillator bars interlaced with lead

Narrow (~30cm) and long (~900cm) detector -- not a cube!
(large column density with good acceptance along beam line)

CORMORAD prototype
CORMORINO
scale (1:3)?~3% m?

Detector approach

Prototype cell
#* 4 30x5x5 cm® NE110 bars * Light read-out:

%1 5x10x10 cm® NE110 block 18 Photonis nOt ﬁnalized
* 12.5 um Gd foils wrapping XP2312 3” PMTs
‘ B New ideas are

welcome!

12) CORMORAD - COre Reactor MOnitoRing by an Antineutrino Detector

65
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BDX SENSITIVITY

Nucleon scattering channel

Nucleon Scattering E,.. >1MeV, ap=0.1,m, =10 MeV

BDX 1000
BDX 100 --======--
BDX10 --ceeeeennen...

30 100 200 500 1000
m, (MeV)
34
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BDX SENSITIVITY

Electron scattering channel /g\,\

e €

Elastic ¢ Scattering, Various Thresholds, ap = 0.1, m, = 10 MeV

10~4

1073

106

10~

10-3

10—9 . BDX E > 2 GeV, 3 evt.
BDX E > 500 MeV, 3 evt.
20 50 100 200 500 1000
my (GeV)

615
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BDX SENSITIVITY

Elastic ¢ Scattering, Various Thresholds, ap = 0.1, m, = 10 MeV

10_4 BaBar

1073

106
€210-7

103

10—9 4 BDX E > 2 GeV, 3 evt.

BDX E > 500 MeV., 3 evt.
20 50 100 200 500 1000
my (GeV)

Sensitivity drops as ap decreases — want more
sensitivity to cover g-2 scenarios robustly! 36
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BDX SENSITIVITY

Inelastic scattering channels...

Inclusive Scatter + Decay, ap = 0.1, m, = 10 MeV, A =50 MeV

BDX 3 evt.

50 100 200 500 1000
m 4 (MeV)

2000

37
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CONCLUSIONS

e LDM with thermal origin makes good sense in the
context of dark sectors

e Natural extension of the SM to consider

e Many opportunities for exploration — and discovery —
abound!

— New fixed-target experiments will powerfully explore light
mediator parameter space

— New and ongoing beam dump experiments exploring LDM
production and detection with orders of magnitude
enhanced sensitivity in multiple channels

— A’ inuvisible decays, including g-2 anomaly parameter space at
small dark coupling will be thoroughly explored

e Discovery or decisive test of simplest scenarios

Wednesday, 11 June, 14
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